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FOREWORD 


TMa  publication  tus  praparad  undar.  contract  for  tha 
Joint  Publications  Rasaarch  Sarvlca  aa  a  tranalatlon 
or  foreign-languaga  rasaarch  sarvlca  to  tha  various 
federal  govamnant  d^artnants. 

The  contents  of  this  oMitarlal  in  no  nay  raprasent  tha 
policiaa,  viaas  or  attitudes  af  the  U,  S.  Coaarnpant 
or  of  tha  parties  to  any  distribution  arrangaoiont. 


PROCUREMBMT  OP  JPRS  REPORTS 


All  JPRS  reports  muf  be  ordered  froai  tha  Office  of  Technical 
services.  Reports  publiah^  prior  to  1  February  1963  can  be  provldad* 
for  the  Bost  part,  only  la  photocopy  (xerox),  Tboaa  published  after 
I  February  1963  will  be  provided  in  pHntad  fora, 

on  special  subaerlption  arrangaamits  for  JPRS  social 
science  reports  vill  be  provided  upon  request. 

No  cusMlativa  aubjact  index  or  catalog  of  all  JPRS  reports 
has  bean  eonpiied. 


All  JPRS  r^orts  are  listed  in  tha  Monthly  Catalox  of  U«  S, 
TfA*njr?"^  Fubllcatlonsr  «vai labia  on  subscrlptioa  at  $4,50  par  year 
Including  an  annual  indax,  fro«  the  Superintendent 
o  usants,  U,  S,  Govamnant  Printing  Office,  Washington  25,  D,  C, 


All  JPRS  scientific  and  technical  reports  are  cataloged  and 
^^osl  Translations,  published  senlnonthly  b) 
TachiaearsSvTcesranlaUo  available  on  aubacriptic 
*  ysst  donsstic,  |16,00  foreign)  frow  the  Superlntendoot 

Of  ^wets,  SenlamMial  Indevee.  to  iRphiiiqjil  Tranalationi.  are 
available  at  addltloeel  cost.  * 
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rH£  BBSISTANCS  OF  INSECTS  TO  tJLTRA-ZX)W  TEMFSRATURES 

-  USSR  - 


following  li  th«  tranalAtion  of  an  artlelo  by  L.  K. 
Lo'Slna'^Lotlaakly  in  tha  Ruaaian-languago  publication 
Jjoklady  iUcadaMlMauk  SSSR  (Report  ■  of  tho  Acadoay 
of  Seioneos  USSR}*  Vol  CXLVII^  Ho  5*  Moacow,  I962, 

pAgtB  l2U7-12k9j/ 


(Praaontad  by  Acadaaiolan  Ya.  N<  Paalovakly  on  3  May  1962>) 

It  baa  baan  aat^bliahad  through  bur  atudiaa  (1)  that  aavaral 
spaciae  of  inaacta  can  withatand  fraaslag  at  tho  vary  low  taapara- 
turaa  >55*^  Tha  pupaa  of  Saturnia  pyri  eonauaa  oxygon  for 

an  axtandad  period ,  but  aavaral  agga  of  tha  Aalatic  locust  loousta 
migratoria  praaarvad  thair  normal  appaaranea  for  many  days  follow¬ 
ing  axpoaura  of  tha  agga  to  a  tanparatura  of  -185*’*  However «  not 
all  tha  eatarplllars  of  tha  corn  borer  (Pyrauata  nubllalia)  follow¬ 
ing  cooling  down  to  -78^  proved  to  ba  alive t  and  those  which  preserved 
thair  aobility  gradually  perished.  The  axiatanea  of  respiration 
following  chilling  ia  not  naeaasarily  indicated  by  tha  fact  that 
several  signs  of  life  ware  aaiatalnad  in  tha  organism.  Only  recently 
(2,  3)  was  it  shown  for  several  species  of  inaacta  and  other  inverte¬ 
brates  that  a  certain  pereentage  of  the  animals  show  motor  reactions 
following  chilling  in  liquid  oxygen  or  nitrogen.  The  condition  for 
survival  at  such  temperatures  la  preliminary  cooling  at  -30*^. 

Our  investlgationm  of *1981-1962,  mainly  on  corn  borer  cater* 
pillars  have  shown  that  preliminary  cooling  at  -30°  is  not  the 
necessary  and  only  condition  for  survival  at  ultra-low  temperatures. 
The  highest  cold-resistance  is  shown  only  by  diapauaed  caterpillars  . 
(beginning  l^om  Novamber).  However,  they  also  cannot  withstand 
chilling  down  to  -183^  or  -196°,  if  they  are  frosen  during  the 
initial  period  of  the  diapause  or  at  its  conclusion,  when  the 
period  of  reactivation  has  not  yet  set  in.  In  these  cases  the 
preliminary  cooling  down  to  -30°  does  not  promote  survival. 

In  our  experiments  we  succeeded  in  preserving  full  viability 
of  the  corn  borer  caterpillars  following  chilling  at  -78°  and 
obtained  a  high  percentage  of  live  specimens  following  chilling 
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ii^ABLE  1 

R«sl»|eane«  of  C«t«ri>illars  to  -196^) 
»t  -30®  for  60  alat  ot  -79®  for  1  lir, 
at  -196®  ior  1  day. 
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LEOENDi  a)  No  of  txporiaanti 
b)  Data  of  •xperlatnt}  o) 
IfttKbar  of  oatarplllara  f  d) 
Captivity  taaptratura  la 
oC;  a)  SaaetloB  following 
thawing I  f)  nunbar  of  aetiva 
aalaala  in  nunbar  of 
anlnala  raaotlng  to  alae. 
aheek  in  %*t  h)  Lifaapan 
in  dayai  i)  Frtaaingt  j) 
hour I  k)  day 

*  lanobila  oatarpillara. 


down  to  -196®  undar  tha  following  conditiona,  Diapauead  corn  borar 
oatarpillara,  caughr  in  tha  Stavropol* aiciy  Kray,  wara  plaoad  undar 
varioua  tanperatura  conditions  for  long  pariods  (Tabla  1).  Upon 
kaaplng  tha  catarpillars  at  0®  ouad  4®  for  3*'^  waaks,  thair  rasla— 
tanca  to  daap  chilling  roaa  sharply,  tha  nunbar  of  activa  catarpillars 
chiliad  first  to  -30®  and  than  to  -196®,  following  thawing  was  60-70%, 
and  those  chiliad  down  to  -78®  —  100%.  Catarpillars  not  craviously 
cooled  down  to  -30®  survived  at  -78®,  but  perished  at  -183®  and  -196®. 
Without  preliminary  cold  hardening  at  a  tamparatura  of  around  0®, 
only  a  small  percentage  of  tha  caterpillars  murvivad  following 
exposure  to  -78®  snd  only  Individual  caterpillars  reacted  to  the 
electric  etimulus  after  undergoing  exposure  to  -196®.  Temperatures 
below  0®  do  not  promote  hardening.  The  caterpillars,  following  pre¬ 
liminary  deep  chilling,  were  kept  at  a  tampsrature  of  22®,  which 
promoted  reactivation.  However,  as  further  experiments  showed,  the 
highest  survival  rate  of  the  caterpillars  chilled  down  to  -7o®  was 
reached  when  they  were  kept  for  a  month  at  0®  (Table  2).  In  two 
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»xp«rln«nt0t  H  out  of  30  chill* d  cattrplllars  ohrysallizodi 
r*8ulting  in  eight  buttorfli**  -•  males  and  fsmalsSf  soma  of  which 
deposited  eggs.  :'hu»  far,  following  such  chilling  only  30%  proired 
to  be  active  Cttterpillara,  which  after  the  period  of  one  to  one 
and  a  half  months  perished* 

fABLS  2 

£ffeot  of  Captivity  Conditions  Before  and  After 
Freeslng  on  Caterpillar  Besiataitoe  to  -78® 


TABLE  3 

Caterpillar  Reel stance  to  Peep  Freealng  for  Various 
Sequences,  Ratea,  and  Lengths  of  Freesing.  Cap¬ 
tivity  Tespesature  *  4'®  • 
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^LEQEN DS  to  Tables  2  and  3  ®n  pag®  S/ 
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Th«  ohilllag  condltlonn  (rat*,  •ueoaasloa  of  toaporaturo 
chanRoa)  la  of  auoli  iaportanea  in  taatlag  for  daap  froasiag*  Froa 
tha  data  In  Tablo  3  it  ia  elaar  that  a  taaparatura  of  >50^  raaulta 
in  tha  daath  of  tha  catarpillarat  that  la,  tha  iatamadiata  taapar¬ 
atura  of  -30^  for  tha  com  borar  la  aora  daaafiag  thaa  -78^  and 
aaan  -196°*  Tha  raaaona  for  thla  hava  not  yat  baooaa  olaar,  but 
it  la  probabla  that  thay  et*a  froa  tha  oharaotar  of  watar  oryatal- 
llaation  In  tha  tlaauaa. 

Tha  langth  of  raaldanea  of  tha  eatarplllars  at  a  taaparatura 
of  -?8^  aaaaotlally  doaa  not  affaot  thair  aurrival  ratal  for  ehilliac 
from  30  alnutaa  to  flva  daya  ICOSit  of  lira  eatarplllara  \aara  obtaiaad 
following  thawing,  and  aftar  23  daya  of  ehllllng  —  79» 29(»  Coaaa- 
quantly,  thara  la  a  poaalblllty  of  praaarvlng  In  a  atata  of  anavloala 
whola  ooaplax  anlMla,  oontalnlng  froa  63-73^  tahtar,  that  haa  baaa 
convartad  Into  loa. 

Wa  can  judge  tha  condition  of  tha  ealla  and  organa  following 
daap  fraaalng  froa  diaaaotlon  of  tha  eatarplllara' aftar  aavaral 
houra  aubaaquant  to  thawing,  for  eatarplllara  not  ahowlng  apoataa- 
aoua  aovaaant  follotd.ag  tha  fraaalng,  motor  raactiona  ean  ba  obaar'vad 
In  raaponaa  to  alaotrlcal  atlaulua,  aa  wall  aa  pulaationa  of  tha 
haart  and  Intaatlnaa,  raaplratloa  and  tha  foraatlon  of  aautral  rad 
granulaa.  Tharafora,  total  iaaoblllty  following  fraaalng  la  not  a 
orltarlon  of  daath{  aoaoaaat  ean  ba  raatorad  In  ona  to  two  daya  fol¬ 
lowing  thawing. 


Cooolualona 

Tha  raalatanca  of  inaacta  to  daap  fraaalng  raaulta  froa  many 
condltlona  both  pracading  and  during  tha  fraaalng,  aa  wall  aa  fol¬ 
lowing  thawing.  Chiaf’  among  thaaa  la  adaptation  to  balow  aaro 
taaparaturas.  This  ataaa  froa  tha  followlngf  1)  phyloganatie  adap¬ 
tation  of  tha  apaciaa  to  low  taaparaturaa;  2)  aaaaonal  ohanga  In 
cold  raalatanca  ralatad  first  of  all  with  dlapauaat  3)  ontoganatie 
adaptatlona  —  tha  procaaa  of  hardanlag  undar  tha  Influanea  of  aoo- 
logleal  factora  during  tha  atari  of  hlbarnatlon.  Tha  adaj^tatlon  of 
whola  Inaaota  to  low  and  ultra-low  taaparaturaa  la  tha  oonsaquanea 
of  thoaa  ohangaa  occurring  In  tha  ealla. 

Slow  ohllllng  incraaaaa  tha  aurvlval  rata  of  tha  inaaota, 
but  thara  ara  dangerous  taaparatura  aonaa  whloh  tha  organlaa  awl- 
dantly  auat  "travaraa**  rapidly.  Tha  rata  of  warning  la  not  aaasn- 
tlally  Important  for  tha  inaacta.  Of  grant  Intaraat  la  tha  atudy 
of  tha  condltlona  undar  which  tha  rapairing  of  danaga  arlalng 
undar  tha  Influanea  cf  low  tamparaturaa  takaa  plaea. 

Tha  raaiatanoa  of  inaaota  to  ultra-low  taaparaturas  is 
posslbla  only  dua  to  tha  ability  of  tha  tlaauaa  and  calls  with 
normal  watar  contant  to  suralwa  fraaalng  and  tha  total  oasaatlon 
of  natabollam.  Vitrification  was  abaant  In  our  axparlmanta. 
Analysis  of  tha  raaaona  for  sueh  atablllty  ia  rasarvad  for  futura 
atudlaa. 


4 


Th«  rtBletiinc*  of  highly  orga.uiz*d  anloals  to  d««p  frteslng 
ladiuatoa  that  divarae  calls  of  varloua  tlaauaa  and  antira  orgaaloaa 
eaa  >rlt'.iatand  tha  aavlroajiantal  conditlona  which  thay  did  not  axlat 
undar  during  tha  proeaaa  of  avolution*  and  that  arlalag  la  tha  calla 
daring  tha  procaas  of  adaptation  la  such  a  raaarwa  of  raslstanca  to 
aiKtraaa  Influancaa  aa  would  not  ba  aaoaasary  for  conditlona  tff 
aarthly  axlstanca. 

iaatltuta  of  Cytology  Haeaiaad 

Academy  of  Sclaneaa  USSA  26  April  19^2 


JisODCNfi  to  Table  2/ 

a)  No  of  axperinant{  b)  Data  of  axparlaanti  e)  Muabar  of 
caterpillars t  d)  Captivity  taaparature  ia  ^C|  a)  bafora 
>  fraaaiaft  f)  aftar  fraaalag;  g)  Baaetloa  following  tha«d.Bg( 

h)  Survival  rata  and  davalopsaatt  l)  raaota  to  alae*  earraatt 
j)  nova.-  about!  k)  bafora  28  Dao»  ^  C,  siaoa  28  Dae,  -  22*C| 
1)  Pariahad  la  1  dayt  m)  Idvad  froa  3  to  3^  daysi  a)  ehrysal- 
liaadt  o)  buttarfliaa;  p)  Livad  froa  2  to  23  days{  q)  Aa 
abova. 

^OBfD  to  Tabla  i/ 

a)  No  of  axparlaanti  b)  Data  of  axparlaanti  o)  Nuabar  of 
eatarpillarai  d)  Saquanoa  of  fraaslagi  a)  Baaetloa  followiag 
thawlagi  f)  Idfaapaa  la  daya;  g)  alaataat  h)  days;  1)  aora 
about  I  j)  raaet  to  alee,  currant |  k)  up  to  10, 
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